Background and Purpose-The prognostic value early diffusion-weighted magnetic resonance imaging (DWMRI) adds in the setting of transient ischemic attack (TIA), after risk stratification by a clinical score, is unclear. The purpose of this study is to evaluate, after ABCD 2 score risk categorization in admitted TIA patients, whether negative DWMRI performed within 24 hours of symptom onset improves on the identification of patients at low risk for experiencing a disabling stroke within 90 days. Methods-At 15 North Carolina hospitals, we enrolled a prospective nonconsecutive sample of admitted TIA patients. We excluded patients not undergoing a DWMRI within 24 hours of admission and patients for whom a dichotomized (Յ or Ͼ3) ABCD 2 score could not be calculated. We conducted a medical record review to determine disabling ischemic stroke outcomes within 90 days. Results-Over 35 months, 944 TIA patients met inclusion criteria, of whom 4% (nϭ41) had a disabling ischemic stroke within 90 days. In analyses stratified by low versus moderate/high ABCD 2 score, the combination of a low risk ABCD
M agnetic resonance imaging (MRI) is being increasingly recommended as the preferred imaging modality for transient ischemic attack (TIA) evaluation. 1, 2 Among the potential applications of MRI is performance early after TIA symptom onset to stratify patients for short-term stroke risk. [2] [3] [4] [5] [6] However, the predictive value early MRI adds after risk stratification by a clinical score is unclear. Although it has been reported that the presence of acute ischemic lesions on diffusion weighted magnetic resonance imaging (DWMRI) correlates with clinical features known to predict stroke risk after TIA, it has been concluded that larger studies are required to determine the prognostic value of the interaction of DWMRI with clinical characteristics. 7 Among TIA clinical risk stratification scores, the ABCD 2 score has emerged as the most refined tool, consisting of a simple 7-point risk score derived from age (A), blood pressure (B), clinical features (weakness/speech disturbance; C), TIA duration (D), and diabetes history (D). 8 The ability to accurately identify low-risk TIA patients has clinical utility, because it may identify which patients are most appropriate for immediate TIA evaluation, especially when inpatient or observation unit availability is limited. Unfortunately, the specificity of clinical risk stratification scores for identifying low risk patients may be suboptimal to be used for this purpose. 9,10,10 -12 The current study evaluates whether, after ABCD 2 score categorization in admitted TIA patients, a negative DWMRI performed within 24 hours of symptom onset improves on the accuracy of predicting a disabling stroke within 90 days.
Methods

Study Design and Setting
We conducted a multicenter, prospective, nonconsecutive cohort study in select hospitals participating in the North Carolina Collaborative Stroke Registry (NCCSR). The NCCSR is 1 of 4 State registries funded by the Centers for Disease Control and Prevention (CDC) in the Paul Coverdell National Acute Stroke Registry program. 13 We invited all 25 NCCSR hospitals in 2005 to participate in our ancillary separately funded project. Fifteen NCCSR hospitals agreed to participate, including 7 Joint Commission Certified Primary Stroke Center (JCCPSC) teaching hospitals, 1 JCCPSC nonteaching hospital, 2 non-JCCPSC teaching hospitals, and 5 non-JCCPSC, nonteaching hospitals. Teaching hospitals were defined as sponsoring a fellowship program in neurology or any other residency program. We obtained waiver of informed consent and waiver of authorization from the institutional review boards of all participating hospitals.
Patient Selection
Over a 35-month period, emergency physicians or other admitting physicians prospectively identified a nonconsecutive sample of admitted presumptive TIA patients. Initial treating physicians made a presumptive diagnosis of TIA based on the classic definition of TIA, characterized as a sudden focal loss of neurological function involving the brain or retina, supplied by a specific vascular territory, with complete recovery within 24 hours. 14 We excluded patients with a prior history of stroke, patients with unknown TIA symptom onset time, patients with hospital presentation beyond 24 hours of TIA symptom onset, patients for whom an ABCD 2 score could not be calculated and dichotomized as Յ or Ͼ3 (because of one or more missing components of the score), and patients who did not undergo a DWMRI within 24 hours of admission (Figure) . If components of the ABCD 2 score were missing, but a dichotomized score of Յ or Ͼ3 could be calculated assuming a highest possible score scenario, the patient was included in the study population. For patients with more than 1 TIA-related admission captured (nϭ8), we included only the first hospitalization.
Data Collection
Site data collectors, which included treating physicians, stroke program nurse coordinators, and research technicians, used detailed question by question instructions regarding appropriate responses to each data element, along with training on the online data entry system. We collected clinical TIA symptoms and some demographic variables concurrent with patient care, with supplemental abstraction of other demographic and medical history information from medical records by site data collectors during the index hospitalization. We collected data on a standardized form and entered it into a web-based data registry (TEMPO; Clinipace Inc). We initially collected duration of TIA episode as a continuous data field, but changed to capturing this data field categorically, after publication of the initial ABCD score. 15 Additionally, consistent with the original work by Johnston and colleagues, 16 we did not specifically distinguish unilateral from bilateral weakness in our definition. Stroke program physicians and nurses, who were blinded to the initial data entry, reviewed medical records at or after 90 days to determine whether a disabling stroke had occurred within 90 days of the TIA. In instances where components of the ABCD 2 score were missing, we apprised sites of missing data fields and requested abstraction of this data, if available, during the outcome medical record review. Consistent with the established standard, we defined patients with a score of 0 to 3 on the ABCD 2 as low risk, and those with a score of Ն4 as moderate/high risk. 8 Monthly conference calls were held throughout the period of initial data entry to review coding rules and answer coding questions.
Data quality assurance components included hard and soft range logic checks incorporated into the electronic data entry system. Additionally, as part of the overall NCCSR, each participating hospital reabstracted select variables for a random 5% subsample of cases. The average kappa statistic for the 9 categorical variables assessed that were included in this study was 0.77, and the average correlation coefficient for the 5 continuous variables was 0.92.
Outcome Definitions
We defined an ischemic stroke as disabling if it was assigned a Modified Rankin Scale (MRS) Score of Ͼ2 based on medical record review. We chose the categorical cut point between 2 and 3 on the MRS, because that dichotomization distinguishes the important patient oriented outcome of independence from dependence. We classified early DWMRI results as negative or positive (presence of DWI lesion, based on the documented final interpretation of a board certified radiologist).
Statistical Analysis
We calculated descriptive statistics for demographics, medical history, and TIA symptoms. We assessed the diagnostic accuracy of a low risk ABCD 2 score in being a negative predictor of a disabling ischemic stroke within 90 days (sensitivity, specificity, positive and negative likelihood ratios), calculating 95% confidence intervals for the dichotomized ABCD 2 score. diagnostic accuracy of a negative early DWMRI in predicting a disabling ischemic stroke within 90 days (sensitivity, specificity, positive and negative likelihood ratios). 17, 18 We assessed whether adding early DWMRI imaging results improved the performance of the categorized ABCD 2 score by comparing test characteristics. We used SAS statistical software Version 9.1 for all statistical analyses (SAS Institute Inc, SAS/STAT User's Guide, 1999).
Results
Over a 35-month period, we identified 944 patients meeting our inclusion criteria (Figure; Table 1 ). A total of 41 patients (4%) were diagnosed with a disabling ischemic stroke within 90 days. Patients characterized as low risk based on ABCD 2 score were at low risk for experiencing a disabling stroke within 90 days (sensitivity 95.1%, 95% CI 83.9 to 98.7; NLR 0.21, 95% CI 0.06 to 0.82; Table 2 ). In our analysis stratified by low versus moderate/high ABCD 2 score (Table 3) , the combination of a low-isk ABCD 2 score and a negative early DWMRI had excellent sensitivity for identifying patients at low risk of disabling ischemic stroke within 90 days (sensitivity 100%, 95% CI 34.2 to 100). In patients classified as moderate to high risk, a negative early DWMRI predicted a low risk of disabling ischemic stroke within 90 days (sensitivity 92.3%, 95% CI 79.7 to 97.4; NLR 0.11, 95% CI 0.04 to 0.32).
Discussion
Development of a clinical decision rule to guide neuroimaging for TIA has been identified by emergency physicians as a top priority for decision rule development. 19 In particular, because the cost and availability of MRI make early performance challenging in some scenarios, the judicious application of urgent MRI deserves special attention. Our work, including more than 900 patients, suggests that in the setting of a presumed TIA, the early use of MRI be limited to patients who cannot be classified as low risk based on a their ABCD 2 score. Additionally, our study reinforces that a low risk ABCD 2 score is a relatively sensitive negative predictor for early disabling stroke, while furthermore demonstrating that the combination of a low risk clinical score and negative DWMRI has excellent sensitivity.
Our strategy, which evaluated combining a clinical prediction score with early DWMRI to predict significant stroke events, is consistent with the findings of others. Coutts et al demonstrated that recurrent stroke and functional impairment after a TIA can be predicted by a scoring system that uses both clinical and MRI information, 3 whereas Boulanger et al found that in a TIA featuring motor hemiparesis, the absence of an early DWMRI lesion predicts recurrent transient events rather than stroke. 5 More recently, Ay et al reported that combining acute imaging findings with a clinical score caused a dramatic boost in the accuracy of predictions with clinical features alone for early risk of stroke after TIA. 6 We chose to focus on disabling stroke as our outcome measure, because early assessment of patients with MRI imaging makes the standard TIA and stroke definitions difficult to apply. Attempts to refine the definition remain unresolved, in part because of a lack of an imaging standard for distinguishing ischemia from infarction. 20, 21 In particular, the extent to which early DWMRI imaging abnormalities signify irreversible ischemic infarction is not clear. 22, 23 Because disabling stroke is uncontroversially distinguished from TIA and represents an important patient oriented outcome, we chose this as our stroke outcome definition.
Although our data indicate that early DWMRI has a role in risk stratification, and no doubt diagnosis, the additional clinical utility of DWMRI is unclear. It has been demonstrated that DWMRI lesion characteristics, including size, location, and appearance, may help direct the evaluation for *Percentages use a denominator of Ͻ944 for 4 variables because of missing data: Hispanic ethnicity (nϭ909; 35 missing); Weakness (nϭ940; 4 missing); Speech impairment (nϭ937; 7 missing); and Duration (nϭ770; 174 missing).
†Note: Frequencies do not sum to 1667 and percentages do not sum to 100% because categories are not mutually exclusive.
‡"Other" refers to antiplatelet agents other than aspirin, Clopidogrel, ER Dipyridamole/aspirin, Warfarin.
etiologic mechanism and suggest the optimal therapeutic regimen in TIA patients. In a study of DWMRI in 42 TIA patients, information obtained from the DWI study led to a change in the suspected anatomic localization, vascular localization, and TIA mechanism in more than one-third of patients. 23 However, the impact of DWMRI imaging on clinical management remains unclear.
Limitations
Despite the strength of our prospective enrollment and the large number of patients included from a variety of hospital settings, our study has several limitations. Our analysis was limited to admitted TIA patients, who were urgently evaluated and treated. The number of TIA patients discharged home from the ED at each site and not enrolled is unknown. Additionally, we did not require consecutive sampling from participating sites and only included patients for whom a dichotomized ABCD 2 score could be calculated and who underwent an early MRI (however, the majority of patients did undergo early MRI performance). Based on all of these factors, the potential for sampling bias in our study population exists.
Our exclusive reliance on medical record review to ascertain stroke cases may not have captured all disabling strokes that occurred. We considered face to face or telephone follow-up, which may be more sensitive than chart review for identifying subsequent stroke, 24 but this introduced the requirement at several sites to obtain informed consent, which would have undermined overall enrollment and introduced selection bias. 25 However, Kline et al have demonstrated that accurate clinical follow-up for a diagnostic study conducted in the ED can be obtained from medical record review. 26 Additionally, we assigned the MRS score based on information in the patient's chart. While not validated, others have used this same technique. 27, 28 Some studies suggest the reliability of dichotomizing an MRS in classifying dependency may be less accurate than using a scale that assesses limitations in performing specific basal activities. 29, 30 Also, we dichotomized the MRS between 2 and 3, whereas some studies have dichotomized "good outcome" between 1 and 2. We chose our dichotomization because by definition a cut point between 2 and 3 distinguishes independence from dependence.
We limited our MRI analysis to the presence or absence of a DWMRI lesion. DWMRI lesion size, or other DWMRI features, such as the apparent diffusion coefficient (ADC) of the DWI lesions, may better predict short term prognosis. 1, 4, 31 To determine whether such early DWMRI features signify irreversible ischemic infarction or are specifically associated with increased risk, larger studies with repeat MRI scanning and more sophisticated DWMRI lesion analysis are needed. Additionally, we did not consider the results of early perfusion weighted MRI, which may improve the ability of early MRI to detect ischemia. 32, 33 Finally, unlike the published ABCD 2 rule, our data did not allow a specification of whether weakness, if present, was unilateral. However, recent data suggest the distinction between unilateral and bilateral weakness may be of limited importance, because transient events with any weakness are associated with an increased risk of subsequent stroke. 34 
Conclusion
Our analysis suggests that when early DWMRI and the availability of other TIA evaluation resources are limited, a low risk ABCD 2 score (Յ3) can identify patients at low risk 36 However, on completion of a negative early DWMRI, the remainder of the TIA evaluation might be deferred to an outpatient setting or clinic, similar to that for patients with a low risk clinical score. Nonetheless, additional, large studies, which include all stroke outcomes up to 90 days, would be beneficial in definitively determining the prognostic value of early DWI combined with a clinical score. To accomplish such work, refinement of the TIA definition proposed by the TIA working group, 20 with particular attention to the distinction between minor stroke and TIA, will be necessary.
